Abstract. Continuum emission at 450 and 850 µm from warm dust has been mapped in the fields of 71 methanol masers. Within these fields lie 30 centimetre-wave radio continuum sources and an additional 13 methanol maser sites. Sub-mm emission is detected at all but one of the maser sites, confirming the association of methanol maser emission with deeply embedded objects. Measured bolometric luminosities confirm that methanol maser emission is an excellent signpost of high-mass star formation. Examples of nearby isolated maserless dust cores may be harbouring massive protostars at an earlier evolutionary stage.
Introduction
It has been recognised for some time that maser action in methanol lines commonly occurs in regions of massive star formation (Menten et al. 1986 ). In particular, the 5 1 -6 0 A + transition at 6.7 GHz is one of the strongest and most widespread interstellar masers known (Menten 1991) .
Maser emission from methanol can be divided into two mutually exclusive classes: Class I and Class II. Class I masers are found in the general vicinity of massive star forming regions but are offset from indicators of high-mass star formation such as compact HII regions, strong infrared sources and OH masers. It has been suggested that Class I masers are associated with shock fronts at the interface between mass outflows and dense ambient material (Plambeck et al. 1990 ).
Conversely, Class II masers have been claimed to be closely associated with OH masers and ultracompact (UC) HII regions (Menten et al. 1988 (Menten et al. , 1988 (Menten et al. , 1995 . However, recent work by Walsh and his associates (Walsh et al. 1997 (Walsh et al. , 1998 (Walsh et al. , 1999 has demonstrated that most Class II 6.7 GHz methanol maser sources are not associated with a detectable UC HII region. This result may be interpreted in two ways: either the methanol maser turns on before the UC HII region is created and is then destroyed as the UC HII region develops (Walsh et al. 1998) , or alternatively the maser is pumped by radiation from a nearby star with insufficient ionising flux to create an observable UC HII region (a star later than B3 in spectral type) Send offprint requests to: A. J. Walsh, e-mail: awalsh@cfa.harvard.edu Full version of Fig. 1 is only available in electronic form at http://www.edpsciences.org (Phillips et al. 1998 ). These two hypotheses can be differentiated by measurement of the spectral energy distribution (SED) of the source of excitation.
Submillimetre emission from warm dust is an excellent tracer of column density in star formation regions because it generally remains optically thin. In this paper we present maps of the emission from warm dust near 6.7 GHz Class II methanol masers at wavelengths of 450 µm and 850 µm made using the Submillimetre Common-User Bolometer Array (SCUBA) on the James Clerk Maxwell Telescope (JCMT). SCUBA has a field of view of 2. 5 and resolution of 8 /15 at 450/850 µm respectively, allowing mapping of dust over several orders of magnitude of column density with a spatial resolution typically a few parsecs at the distance of the methanol masers. Unfortunately, at the time of the observations, photometry at 1350 µm and 2000 µm was unavailable on SCUBA.
The source sample of 6.7 GHz methanol masers was selected from the survey of Walsh et al. (1998) in which 223 maser sites were detected from a sample of 276 IRAS sources with UC HII colours (Wood & Churchwell 1989a ). We present here SCUBA maps of the 84 methanol masers in this survey lying in the declination range 0
• > δ > −20
• . In this paper, we compare the spatial distributions of the submillimetre and radio continuum from the dust and ionised gas with the maser emission. Hatchell et al. (2000) have recently published 450/850 µm SCUBA maps of the dust emission in a small sample of highmass star forming regions for which extensive molecular line data were available. They found that although all sources showed centrally peaked emission, those with the strongest peaks and highest submillimetre fluxes were also those showing rich molecular line spectra characteristic of "hot molecular cores" (HMC) . Following this result, we identify in our sample the most probable HMC candidates.
In summary, the motivation in mapping the submillimetre emission from warm dust in the vicinity of methanol masers is four-fold:
(i) to confirm that the maser emission arises from deeply embedded objects;
(ii) to study the relationship between small-scale structure delineated by the maser emission and radio continuum emission from ionised gas and the larger-scale structure of the dust;
(iii) to search for other condensations which may be members of the same cluster as the maser sources but represent either a hot molecular core or an earlier stage in the evolution of a massive protostar;
(iv) to determine the SED of the maser pumping source or putative massive protostellar object in the same cluster. We stress that the main purpose of this paper is to present our images. The dust emission from these sources has been examined with detailed models by Alvey (2001) . In Sect. 2 we describe the observations and procedure for data reduction. The images are discussed in Sect. 3 and our conclusions given in Sect. 4.
Observations and data reduction
Observations were made during the period 1-4 April 2000 using SCUBA on the JCMT (Holland et al. 1999 ) simultaneously at 450 µm and 850 µm. SCUBA comprises two hexagonal arrays of bolometers, giving 91 pixels at 450 µm and 37 pixels at 850 µm and a field of view of 2. 5 at each wavelength. In order to achieve fully sampled maps, SCUBA is operated in a "jiggle" mode in which the telescope is moved through a 64-position pattern by the secondary mirror so that the field is fully sampled between the more widely separated intrinsic beam positions of the array. The chop throw was 120 in the azimuth direction and the integration time was 6 minutes per source.
The data were reduced using the SCUBA User Reduction Facility, SURF (Jenness et al. 1998) . Calibration was carried out using IRAS 16293−0242 and G34.3+0.15.
The beam sizes were taken from the SCUBA web pages and correspond to integrated beam profiles of 118.5 and 315.5 square arcseconds at 450 and 850 µm respectively. Assuming the JCMT diffraction beam to be approximately Gaussian with FWHM of 8 and 15 at 450 and 850 µm respectively we estimate that 38% of the flux at 450 µm and 19% at 850 µm is contained within the error beam.
Care was taken in calculating the integrated flux, since the regions we have observed tend to have high source densities and in many cases we observe strong negative features in our maps due to emission in the reference position, as well as extended emission across the field. In cases of strong negative emission interfering with the determination of a source flux, we provide only an upper limit by measuring only the positive emission.
We estimate that calibration errors are typically ±40% at 450 µm and ±20% at 850 µm. These errors are mainly due to error beam pick up of sky contibutions.
Results
71 fields containing methanol maser and radio continuum emission were observed with SCUBA. Figure 1 shows the 850 µm and 450 µm sub-mm emission from the observed fields, together with the locations of methanol maser sites, UC HII regions and infrared sources. The names of the fields are derived from the Galactic coordinates. Individual maser, sub-mm or radio continuum sources are named using the same convention. There are 84 methanol maser sites and 30 radio continuum sources detected by Walsh et al. (1998) found within the fields. Of the 84 maser sites, 70 (83%) are within 5 of a submm peak and 11 (13%) are between 5 and 10 of a sub-mm peak. We find all but one source (G10.10+0.73) within the submm emission contours. Of the 30 radio continuum sources, we find 16 (53%) within 5 of a sub-mm peak, and 10 (33%) between 5 and 10 of a sub-mm peak. However, all the radio continuum sources are contained within extended sub-mm continuum emission. We also provide the positions of mid-infrared (MIR) sources from the Midcourse Space eXperiment (MSX) Point Source Catalog version 1.2 1 in Fig. 1 . We found that the morphology of the sub-mm continuum emission is generally similar at 450 and 850 µm, the major differences being the lower signal to noise for the 450 µm images and the slightly better resolution at 450 µm. Important differences between the 450 and 850 µm images are reported in Sect. 3.2. Table 1 lists the peak flux density and integrated flux of sub-mm sources of interest found within the fields shown in Fig. 1 . To calculate the integrated flux, the flux was summed over an area approximating the extent of the emission, avoiding other sources. A background value was subtracted off the integrated flux, which was determined by summing over an area in the field without strong emission. Fluxes are not calculated for sources where a significant proportion of the flux lies outside the imaged field, e.g. the northern corner of G0.21−0.00. For some sources, photometry is unreliable due to contamination from the off beam. Such sources are marked as lower limits in Table 1 . Typical 1σ noise levels are 50 mJy beam −1 at 850 µm and 0.5 Jy beam −1 at 450 µm.
3.1. A maser site associated with a planetary nebula? G10.10+0.73 (18021−1950) , shown in Figs. 1y and z, is the one methanol maser site that is not associated with any sub-mm continuum emission, suggesting it may be a peculiar source. It is even more intriguing when one considers that the field contains a radio continuum source in the north-west corner, coincident with a compact sub-mm source. This radio source is associated with the powering source of the well-known bipolar planetary nebula NGC 6537, and is thus not an UC HII region, Fig. 1 . a)-f) 850 µm greyscale and contour maps of the observed fields. In each case the contours are 10, 20, ..., 90% of the peak level. Plus symbols represent the positions of methanol maser sites and squares represent the positions of UC HII regions (Walsh et al. 1998) . Ellipses represent the position of MSX sources from the Point Source Catalog, version 1.2, with the size of the ellipse five times the 1σ MSX position error. Bad bolometer pixels, which have been removed show up as white "holes" in the fields. For example Fig. 1d , to the north of the main source. (Maciel & Dutra 1992) and the methanol maser emission 1.2 km s −1 . At the very least, it is an interesting coincidence that the only maser site in our survey without detected sub-mm emission is also the only one close to a planetary nebula. It is possible that the maser site is located on the far side of the Galaxy (i.e. a far kinematic distance corresponding to 16.0 kpc), whereas NGC 6537 is only 0.7 kpc away (Maciel & Dutra 1992) . However, even at this distance, a sub-mm source below our detection limit and coincident with this maser site would still have to be the weakest of all sub-mm sources coincident with maser sites in this survey. Furthermore, given an angular height off the Galactic plane of 0.73 degrees, the maser site would be about 200 pc from the Galactic plane at the far kinematic distance and so we consider the near kinematic distance more likely. Thus, it is a target worthy of further investigation as it may be the first methanol maser site associated with an astrophysical object other than massive star formation.
Details of individual sources 2
Here we list details of each field (except for G10.10+0.73, which is detailed above), paying particular attention to the positions of methanol maser sites and UC HII regions given by Walsh et al. (1998) . The source names are derived from the Galactic coordinates of the pointing centres.
G0. 50+0.19 (17429−2823) This field (shown in Figs. 1a and b) contains two methanol maser sites, separated by 2 . Caswell (1998) reports 1.665 GHz OH maser emission close to the methanol sites. A strong, unresolved sub-mm source is found coincident with the maser sites.
G0.21−0.00 (17430−2844) This field (shown in Figs. 1c and d) contains a maser site as well as an UC HII region, separated by 10 . Both maser site and UC HII region are coincident with sub-mm continuum emission, but the maser site is associated with stronger sub-mm emission. Strong sub-mm emission is noticed at the top of Fig. 1c . It arises from G0.32−0.20 (Fig. 1g) .
G0. 83+0.18 (17436−2807) This field (shown in Figs. 1e and f) has a bright, unresolved sub-mm source, found coincident with a methanol maser site.
G0. 32−0.20 (17439−2845) This field (shown in Fig. 1g  and h ) is listed as a misclassified planetary nebula (Acker et al. 1987) . Two UC HII regions are found within the observed field. One is associated with a maser site and is also the brighter sub-mm source.
G1
. 15−0.12 (17455−2800) This field (shown in Fig. 1i and j) has a weak sub-mm source coincident with a maser site. Stronger sub-mm emission is noted in the western edge of the field. This may be associated with an UC HII region located at 17 48 41.67−28 01 38.7 (J2000).
G0. 55−0.85 (17470−2853) This field (shown in Figs. 1k and l) contains a complex radio continuum source, comprised of a bright unresolved source (close to a methanol maser site) and extended emission to the north-west (covering about 15 ). The extended radio continuum emission also contains one methanol maser spot. Figures 1k and l show sub-mm emission with a similar morphology as the radio continuum emission, although the sub-mm emission appears to be more extended, especially to the south-east. OH maser emission is found coincident with the methanol maser site (Forster & Caswell 1999) . The morphology of the OH maser site appears to be extended in the NW-SE direction, parallel to a line connecting the unresolved radio continuum source and the extended radio emission. Forster & Caswell (1999) also report a water maser site between the OH and methanol maser sites and the extended radio emission.
G2. 54+0.20 (17480−2636) This field (shown in Figs. 1m and n) exhibits extended sub-mm emission peaking at the position of a methanol maser site. A second sub-mm source is found to the west. The two sources are so close together, it is impossible to separate their integrated fluxes, which therefore are not given in Table 1. G5. 90−0.43 (17574−2403) This field (shown in Figs. 1o and p) contains extended sub-mm emission, with a compact, bright source coincident with the methanol maser site.
G6. 54−0.11 (17577−2320a) This field (shown in Figs. 1q and r) contains strong sub-mm emission that is coincident with an UC HII region in the northern half of the field. A maser site at the centre of the field is coincident with a weak sub-mm source.
G6. 61−0.08 (17577−2320b) This field (shown in Figs. 1s and t) has extended sub-mm emission which is seen throughout the observed region. The methanol maser site at the centre of the field is coincident with a local maximum in the sub-mm continuum emission.
G8. 14+0.23 (17599−2148) This field (shown in Figs. 1u and v) contains an UC HII region and maser site separated by about 10 . Both appear to be coincident with sub-mm emission, although it is not clear from the 850 µm image (Fig. 1u) whether a sub-mm source is associated with each of the UC HII region and maser site, or whether there is one extended sub-mm source between the two. The 450 µm image (Fig. 1v) indicates the extended emission breaks up into at least three peaks: one coincident with the maser site, one coincident with the radio continuum source and the other about 15 to the N−E of the radio continuum source.
G9. 62+0.19 (18032−2032) This field (shown in Figs. 1w and x) has a bright, extended sub-mm source, coincident with both maser sites found in the field. The resolution of the 850 µm SCUBA image shown in Fig. 1y is insufficient to separate two sub-mm sources in this field, however, two peaks are seen coincident with the two maser sites in the 450 µm SCUBA map (Fig. 1z) . have studied this region in detail.
The reader is referred to that paper and Hofner et al. (2001) for a more complete description of the region. Here we point out that the two sub-mm peaks, coinciding with the two maser sites are known as sources E and F by . Source F is the more interesting object as it shows signs of the hot core tracer NH 3 (4, 4) (Cesaroni et al. 1994) .
G8. 68−0.36 (18032−2137) This field (shown in Figs. 1aa and ab) contains two maser sites. Both are coincident with compact sub-mm sources. The maser site coincident with the brighter sub-mm source is also coincident with an UC HII region. Jenness et al. (1995) have also imaged this region at 450 and 850 µm. They find a similar distribution of sub-mm emission, with fluxes that are within 30% of our values.
G9. 99−0.03 (18048−2019) This field (shown in Figs. 1ac and ad) contains a maser site coincident with a bright compact sub-mm source. An unresolved UC HII region (45 to the north-west) is coincident with a weaker, compact sub-mm source.
G10. 47+0.03 (18056−1952) This field (shown in Figs. 1ae and af) has been thoroughly investigated by Hatchell et al. (2000) . Here we refer the reader to Hatchell et al. for a more detailed overview, but we mention that Figs. 1ae and af show methanol maser emission at the northern and central sub-mm cores. UC HII regions are found at the central and to the west of (i.e. not coincident with) the south-western sub-mm core.
G10. 44−0.02 (18056−1954) This field (shown in Figs. 1ag and ah) has a north-south extended sub-mm source with the strongest peak coincident with a methanol maser site. Walsh et al. (1998) reports the maser site has a linear extension oriented in the NW-SE direction.
G10. 30−0.15 (18060−2005a) This field (shown in Figs. 1ai and aj) exhibits strong sub-mm emission coincident with the methanol maser site and UC HII region. Extended emission is noticed in the east-west direction. It appears that there may be two unresolved sub-mm sources, corresponding to the maser site and UC HII region, which are separated by 6 . Sub-mm emission coincident with the maser site located at G10.29−0.13 is seen at the far-western edge of the field, but is better represented in Figs. 1ao and ap. G10.34−0.14 (18060−2005b) This field (shown in Figs. 1ak and al) contains a methanol maser site coincident with a compact sub-mm source.
G10. 32−0.16 (18060−2005c) This field (shown in Figs. 1am and an) has an extended sub-mm source peaking at the position of a maser site. Sub-mm emission is also noticed at the south-west edge of the field, which originates from the source at G10.30−0.15 (Figs. 1ai and aj) .
G10. 29−0.13 (18060−2005d) This field (shown in Figs. 1ao and ap) has extended emission (in the east-west direction) which is seen to break up into 4 distinct clumps. The eastern-most clump is associated with G10.30−0.15 (Figs. 1ai  and aj) . The clump in the centre of the field is coincident with the methanol maser site. Walsh et al. (1998) noted the maser site has a linear extension in the north-south direction, perpendicular to the extended sub-mm emission.
G10. 63−0.38 (18075−1956a) This field (shown in Figs. 1aq and ar) has a bright, extended sub-mm source coincident with an UC HII region. A methanol maser site is found within the sub-mm emission contours, 13 to the north-east of the UC HII region. It is interesting to note that report water maser emission coincident with the UC HII region, showing a linear feature in the NW-SE direction. The methanol maser site, shows a similar orientation, even though it is offset from the water maser/UC HII region source.
G10. 63−0.33 (18075−1956b) This field (shown in Figs. 1as and at) has a methanol maser site which is found within the sub-mm emission contours of an extended submm source. The 450 µm image (Fig. 1at) has a local peak within 4 of the maser site, which is not obvious in the 850 µm image (Fig. 1as) . A strong negative artefact is seen at the western edge of Figs. 1as and at, which is due to G10.63−0.38.
G12. 89+0.49 (18089−1732) This field (shown in Figs. 1au and av) has a bright, extended sub-mm source peaking at the position of a methanol maser site. The methanol maser site is also coincident with 1.665 and 1.667 GHz OH maser emission (Caswell 1998) .
G12. 03−0.03 (18090−1832) This field (shown in Figs. 1aw and ax) has two sub-mm sources. The brightest one is located at the centre of the field and is coincident with the methanol maser site. Caswell (1998) reports 1.665 GHz OH maser emission between the two sub-mm sources.
G11. 94−0.15 (18094−1840) This field (shown in Figs. 1ay and az) has two sub-mm sources. The central source is coincident with the methanol maser site. The second sub-mm source is found 60 to the south-west of the main feature.
G12.21−0.09 (18097−1825Aa) This field (shown in Figs. 1ba and bb) contains extensive sub-mm emission and three methanol maser sites, one close to (within 5 ) an UC HII region. The methanol maser site close to the UC HII region is also coincident with the brightest peak in the sub-mm emission. Furthermore, the peak of the sub-mm emission is closer to the maser site than the UC HII region. This suggests there may be two sub-mm sources; one associated with the maser site and one with the UC HII region. If this is the case then the sub-mm source associated with the maser site must be the brightest. This methanol maser site is also coincident with a water maser site . Both of the other methanol maser sites are coincident with a local peak in the sub-mm emission. Hatchell et al. (2000) have also mapped this field with SCUBA and report further literature details. Our maps for this and the following source (G12.18−0.13) show a similar morphology as the 350 µm map of 18097−1825 taken by Hunter et al. (2000) . However, Hunter et al. did not detect the weaker sub-mm sources such as G12.21−0.09B, G12.21−0.09C and G12.18−0.13B.
G12. 18−0.13 (18097−1825Ab) This field (shown in Figs. 1bc and bd) is located about 90 to the south of G12.21−0.09. It contains two methanol maser sites. One is coincident with the strongest sub-mm peak, found in the northern corner of Fig. 1bc , the other is found coincident with a local peak in the sub-mm emission, at the centre of the image.
G11. 99−0.27 (18099−1841) This field (shown in Figs. 1be and bf) contains one methanol maser site coincident with the sub-mm continuum peak. The sub-mm emission is extended around this position, with a second source being located to the west of the main peak.
G11. 94−0.62 (18110−1854) This field (shown in Figs. 1bg and bh) contains a methanol maser site and UC HII region separated by 3 . Strong sub-mm continuum emission peaks at this position, although the resolution of SCUBA is insufficient to tell whether the sub-mm emission comes from either or both of the maser site and UC HII region. Water maser emission is also found at the methanol maser site . The UC HII region shows a cometary morphology, with the head pointing towards the maser site . A weaker sub-mm source is found to the south-west of the main feature.
G12.68−0.18 (18117−1753a) This field (shown in Figs. 1bi and bj) contains one methanol maser site. The maser site is close to, but not coincident with, the peak of an extended submm source. The sub-mm source appears to be extended in the NE-SW direction, perpendicular to the orientation of the methanol maser site. OH and water maser emission is found coincident with the peak of the sub-mm emission (Forster & Caswell 1999) . Figs. 1bk and bl) contains a methanol maser site with a linear orientation in the NW-SE direction and is coincident with the peak of a bright, extended sub-mm source. The methanol maser site is coincident with 1.665 and 1.667 GHz OH (Caswell 1998 ) and 22 GHz water (Forster & Caswell 2000) maser emission.
G12.91−0.26 (18117−1753b) This field (shown in
G11. 50−1.49 (18134−1942) This field (shown in Figs. 1bm and bn) contains a methanol maser site coincident with the peak of an extended sub-mm source. Figs. 1bo and bp) contains an extended sub-mm source. It appears to comprise of at least three peaks. The second brightest is 10 from a methanol maser site. To the south-west of the maser site is an UC HII region, which is coincident with a weaker sub-mm peak.
G14.60+0.02 (18141−1615) This field (shown in
G15. 03−0.68 (18174−1612) This field (shown in Figs. 1bq and br) shows extended sub-mm emission covering most of the field. It is associated with the M 17 southern bar region. The sub-mm emission ridge overlaps the ionisation front and photodissociation region here. A methanol maser site is found at the centre of the field and is close to the peak of a weaker submm source. OH maser emission is reported coincident with the methanol site (Forster & Caswell 1999 ). An UC HII region is found 58 to the north-west. While it is within the emission contours of the sub-mm continuum, it does not appear to be associated with a local peak in the sub-mm emission. The two brightest sub-mm features are found about 30 to the north-west and south-west of the methanol maser site. Each of them is coincident with a water maser site (Forster & Caswell 1999) . A larger area around this field has been surveyed in the mm and sub-mm region by Hobson et al. (1993) , which clearly shows the positions of the water maser sites being coincident with the sub-mm peaks.
G16. 59−0.05 (18182−1433) This field (shown in Figs. 1bs and bt) shows an extended source whose peak coincides with a methanol maser site. The maser site is also coincident with water and OH maser sites (Forster & Caswell 1999) . Figs. 1bu and bv) shows a methanol maser site at the centre, which is coincident with the peak of an extended sub-mm feature. The sub-mm feature is extended towards the ESE, perpendicular to the orientation of the linear maser site. An UC HII region is found towards the eastern edge of the field. It is within the sub-mm emission contours, but does not appear to be coincident with a local sub-mm peak. The western edge shows bright emission which comes from G19.47+0.17 and is better shown in Figs. 1bw and Figs. 1ca and cb) contains two methanol maser sites, each close to, but not coincident with, the peak of a sub-mm source. The methanol maser site in the centre of the field is associated with an extended sub-mm source, while the other maser site is associated with an unresolved sub-mm source. Figs. 1cc and cd) contains a methanol maser site at the centre. It is coincident with the peak of a small sub-mm source. A second submm source is seen to the north-west, with low-level extended sub-mm emission connecting the two. Figs. 1ce and cf) contains an extended sub-mm source comprising a compact bright source at the centre of the field and an extended arm to the north. The central peak is coincident with a methanol maser site. The maser site is linearly extended in the NW-SE direction. Wilking et al. (1990) report broad CO(2-1) line wings and interpret this as evidence for an outflow from this region. However, it is not clear as to the orientation of such an outflow. Figs. 1cg and ch) contains a large HII region, which is coincident with the brightest sub-mm emission. The methanol maser site found to the north of this position is coincident with an unresolved sub-mm source. Figs. 1ci and cj) has a methanol maser site located at the centre. The maser site is coincident with the peak of sub-mm emission. A second peak is found to the south-west. The methanol maser site shows a linear feature stretching in the NW-SE direction.
G19.49+0.15 (18232−1154a) This field (shown in

G19.70−0.27 (18248−1158) This field (shown in
G16.86−2.16 (18265−1517) This field (shown in
G21.88+0.01 (18282−0951) This field (shown in
G22.36+0.07 (18290−0924) This field (shown in
G25. 65+1.05 (18316−0602) This field (shown in Figs. 1ck and cl) exhibits strong, extended sub-mm emission, which peaks at the position of an UC HII region and methanol maser site. This region has also been imaged at 350 µm by Hunter et al. (2000) , which shows a similar morphology to our map.
G23. 26−0.24 (18317−0845) This field (shown in Figs. 1cm and cn) contains a methanol maser site at the centre which is close to, but not coincident with a peak in the extended sub-mm emission at 850 µm, however, the 450 µm image (Fig. 1cn) indicates the maser site is coincident with a sub-mm peak.
The sub-mm emission extends to the east and it appears there is stronger emission to the east of the imaged field. No methanol masers were detected at this eastern ridge.
G23. 44−0.18 (18319−0834) This field (shown in Figs. 1co and cp) contains two methanol maser sites separated by 20 . The sub-mm emission is extended in the north-south direction, similar to the orientation of the two maser sites, and suggests there may be two sub-mm sources associated with the two maser sites. Indeed, the 450 µm image (Fig. 1co) does reveal two separate peaks, each within 4 of the maser sites. The northern maser site has a linear morphology extending in the north-south direction. Forster & Caswell (1999) report OH maser emission coincident with the two methanol maser sites. They also report water maser emission at the position of the southern methanol maser site, as well as a further water maser site located about 12 to the south-west. Figs. 1cq and cr) contains a strong, compact sub-mm source, with low level extended emission around it. A methanol maser site is located at the peak of the sub-mm emission. The linear morphology of the maser site extends in the NW-SE direction, similar to the orientation of the extended sub-mm continuum emission. Figs. 1cs and ct) contains extended sub-mm emission peaking at the position of a methanol maser site. A negative artefact is apparent in Fig. 1cs at the southern edge. This is caused by the emission from G24.79+0.08 being chopped into the image. Figs. 1cu and cv) shows two distinct sub-mm peaks, as well as lower level extended emission. The brightest peak at the centre of the field is coincident with a methanol maser site, whilst the second, weaker sub-mm peak is close to an UC HII region.
G24.79+0.08 (18335−0711a) This field (shown in
G24.85+0.09 (18335−0711b) This field (shown in
G25.71+0.04 (18353−0628) This field (shown in
G25. 83−0.18 (18361−0627) This field (shown in Figs. 1cw and cx) has a compact sub-mm source located at the centre of the image and coincident with a methanol maser site. Figs. 1cy and cz) includes a methanol maser site coincident with the peak of an extended sub-mm source.
G28.15−0.00 (18403−0417a) This field (shown in
G28. 20−0.05 (18403−0417b) This field (shown in Figs. 1da and db) had an extended sub-mm source at the centre, which peaks at the position of a methanol maser site and UC HII region. Figs. 1dc and dd) has extended sub-mm emission throughout most of the imaged region. A methanol maser site is found at the centre of the field and is coincident with a local peak of the sub-mm continuum emission. The sub-mm emission appears to be roughly extended in the east-west direction. Strong sub-mm emission is noticed at the western edge of the field, which is due to emission from G28.28−0.36 (Figs. 1de  and df) . Negative emission can be seen in the southern part of Figs. 1dc and dd, which is also due to chopped in emission from G28.28−0.36. G28.28−0.36 (18416−0420b) This field (shown in Figs. 1de and df) contains bright, extended sub-mm emission, which is dominated by two peaks. One is close to a methanol maser site (towards the centre of the field) and the other is close to an UC HII region. The 450 µm image (Fig. 1df) has a peak of emission, which coincides with the maser site.
G28.31−0.39 (18416−0420a) This field (shown in
G28. 85−0.23 (18421−0348a) This field (shown in Figs. 1dg and dh) contains extended sub-mm emission. A sub-mm peak is seen close to the position of a methanol maser site in the centre of the image. A strong negative artefact is apparent in the south-western quarter of the image, which is due to chopped in emission from G28.83−0.25 (Figs. 1di  and dj) .
G28. 83−0.25 (18421−0348b) This field (shown in Figs. 1di and dj) is dominated by an extended sub-mm source, whose peak coincides with a methanol maser site.
G29.98−0.05 (18434−0242a) This field (shown in Figs. 1dk and dl) has extended sub-mm emission peaking close to a methanol maser site.
G29. 86−0.04 (18434−0242b) This field (shown in Figs. 1dm and dn) exhibits extended sub-mm emission across the field. The strongest peak is found close to (but not coincident with) a methanol maser site, at the centre of the field.
G29.96−0.02 (18434−0242c) This field (shown in Figs. 1do and dp) contains extended sub-mm emission peaking at the centre of the field. Close to the peak, a methanol maser site and an UC HII region (separated from the maser site by 5 ) are found. The UC HII region has been studied in detail and is cometary in shape , and powered by an O5.5 star (Wood & Churchwell 1989b) . At the position of the methanol maser site also report water maser emission. This is also coincident with NH 3 (4, 4) emission, a tracer of hot cores (Cesaroni et al. 1998) . Figs. 1dq and dr) contains an extended sub-mm source at the centre of the field, whose peak coincides with one of two methanol maser sites. The 450 µm image (Fig. 1dr) has two peaks, corresponding to the elongated 850 µm structure.
G30.82+0.27 (18440−0148a) This field (shown in
G30. 79+0.20 (18440−0148b) This field (shown in Figs. 1ds and dt) contains an extended sub-mm source towards the centre of the region. A methanol maser site is found close to, but not coincident with, the peak of the sub-mm source. Figs. 1du and dv) contains extended sub-mm emission on the eastern side of the region. The peak of the sub-mm emission (towards the centre) is coincident with a methanol maser site. A negative artefact is seen in Figs. 1du and dv about 25 to the south-west of the maser site and is likely to be emission outside the region that has been chopped in.
G30.78+0.23 (18440−0148c) This field (shown in
G30. 59−0.04 (18443−0210) This field (shown in Figs. 1dw and dx) shows extended sub-mm emission peaking towards the centre of the region. The peak is close to a methanol maser site, but not coincident with it.
G30. 90+0.16 (18446−0150) This field (shown in Figs. 1dy and dz) contains a sub-mm source in the centre of the region, as well as lower level extended emission throughout the field. A methanol maser site is found coincident with the peak of the sub-mm emission.
G31. 41+0.31 (18449−0115) This field (shown in Figs. 1ea and eb) shows a strong sub-mm source at the centre of the field.
The peak of the sub-mm emission is close to a methanol maser site. An UC HII region is located about 20 to the north. find that the radio continuum emission extends from the UC HII position to the maser position. The methanol maser site is also coincident with water maser emission . The maser site is also coincident with the hot core tracer NH 3 (4, 4), detected by Cesaroni et al. (1998) .
G30. 82−0.05 (18450−0200b) This field (shown in Figs. 1ec and ed) contains two methanol maser sites, close to the centre of the region. They are also close to the peak of a sub-mm source which is elongated in the NE-SW direction.
G30.76−0.05 (18450−0200c) This field (shown in Figs. 1ee and ef) has a methanol maser site at the centre. Extended sub-mm emission is seen throughout the imaged region, with one peak (not the strongest) close to the maser site. There are at least four sub-mm peaks in the field.
G30.71−0.06 (18450−0200d) This field (shown in Figs. 1eg and eh) exhibits widespread sub-mm continuum emission. The strongest sub-mm peak is close to a methanol maser site. An UC HII region is located approximately 30 to the north of the maser site. Whilst it is found within the sub-mm emission contours, it does not appear to be near any local peak in the sub-mm emission. Figs. 1ei and ej) has a weak sub-mm source towards the centre of the field. The peak of the sub-mm emission is close to, but not coincident with a methanol maser site.
G31.06+0.09 (18452−0141) This field (shown in
G31.28+0.06 (18456−0129) This field (shown in Figs. 1ek and el) exhibits a sub-mm source towards the centrenedi of the field, with a methanol maser site close to, but not coincident with, the peak of the sub-mm emission. An UC HII region is located about 5 to the north-east. Whilst the UC HII region is within the sub-mm emission contours, it does not appear to be closely related to any local sub-mm maximum. The methanol maser site is coincident with OH and water maser sites (Forster & Caswell 1999 ).
Discussion
The images in Fig. 1 reveal some interesting details. Most prominent is the fact that nearly every maser site (81 out of 84) is close to the peak of a sub-mm source. This very close association between maser sites and sub-mm peaks is remarkable in light of the fact that most of the maser sites do not show signs of an UC HII region -the signature of an embedded massive star.
Many of the images show multiple sub-mm sources. In such fields, it is likely that all the sub-mm sources belong to the same star forming cloud, allowing us to make some interpretations of the relative brightnesses of sources. There are examples where the sub-mm source associated with an UC HII region is brighter than the sub-mm source associated with a maser site -G6.54-0.11, G8.68+0.36, G21.88+0.01. This could be interpreted to mean that UC HII regions are typically more luminous than the powering sources of maser sites. However, there are also many examples where the sub-mm source associated with a maser site is brighter than the sub-mm source associated with an UC HII region -G9.99+0.03, G14.60+0.02, G19.49+0.15, G25.71+0.04. Such examples suggest maser sites can be at least as luminous as UC HII regions, and because no radio continuum is detected, they are likely to be in a stage of evolution before the UC HII region has been created.
The images show many fields where strong sub-mm sources are detected, but are not associated with either maser or radio continuum emission, such as G14.60+0.02. In this example there is a relatively weak sub-mm source associated with an UC HII region, and a stronger sub-mm source associated with a maser site, but the strongest sub-mm source in the field is not associated with either. Since the weakest sub-mm source is associated with an UC HII region, then we can assume that all three are luminous enough to create an UC HII region. Thus, the most likely explanation is that the brightest sub-mm source in this field is the youngest, at an evolutionary stage not only before the UC HII region has turned on, but also before the maser emission has turned on.
Association of methanol masers and molecular gas
Other surveys have shown the close correlation between dense gas traced by molecular line emission and embedded massive stars traced by IRAS sources (e.g. Bronfman et al. 1996; Molinari et al. 1996 ). Here we demonstrate the close association of dense molecular gas tracers and methanol maser sites. Table 2 lists details of detections of molecular line emission whose positional uncertainties overlap with the positions of methanol maser sites. Since the maser sites lie close to the Galactic plane, it is not surprising that we find many coincidences. Thus, we also provide radial velocities for both the molecular lines and methanol masers. Out of 50 maser sites coincident with known dense gas, 80% have radial velocities within 5 km s −1 of the dense gas radial velocity, showing the association of dense gas and methanol masers.
Bolometric luminosities
A simple analysis of these data can be made by estimating the bolometric luminosity of some sources. Table 3 lists bolometric luminosities of some sources obtained from the literature. We can also derive bolometric luminosities using our SCUBA fluxes. To do this, we require some information on the SED of each source, other than the two SCUBA points at 450 and 850 µm. For this purpose, we have correlated the positions of IRAS and MSX point sources. We consider a SCUBA source associated with an IRAS source if the IRAS error ellipse overlaps the SCUBA source. A SCUBA source is considered associated with a MSX source if the peak of the sub-mm emission is within 6 of the peak of the MIR emission -the pixel size of the MSX images. To evaluate the MIR fluxes, we referred directly to the MSX images, rather than MSX Point Source Catalog (PSC). This is because we found occasional discrepancies between MSX PSC fluxes and those derived from the MSX images. For example, the MSX PSC quotes upper limits to the 8 and 12 µm fluxes of 0.085 and 1.3 Jy, respectively, Table 2 . Comparison of molecular gas and methanol maser kinematics. Column 1 lists the sub-mm source detected in this paper. Columns 2-4 give the name, radial velocity and reference for the associated molecular transition to the sub-mm source, respectively. See footnote for details of references. Column 5 gives the radial velocity range over which Walsh et al. (1998) detected methanol maser emission. One number is given for maser sites where only one maser spot was detected. Column 6 gives adopted distances from the literature, with references given in Col. 7. Those distances marked with an asterisk (*) were derived assuming 10 kpc to the Galactic centre; all others assume it is 8.5 kpc away. The distance to the source marked with a double-asterisk (**) was not determined using the kinematics of a Galactic rotation curve. Columns 8 and 9 list bolometric luminosities and references for sources where available, respectively. 
References -(1) Juvela (1996) , (2) Bronfman et al. (1996) , (3) Plume et al. (1992) , (4) Wood & Churchwell (1989b) , (5) Chini et al. (1986a) , (6) Shepherd & Churchwell (1996) , (7) Harju et al. (1998) , (8) Molinari et al. (1996) , (9) Olmi & Cesaroni (1999) , (10) Anglada et al. (1996) , (11) , (12) Churchwell et al. (1992) , (13) Larionov et al. (1999) , (14) Gürtler et al. (1991) , (15) Hanson et al. (1997) , (16) Chini et al. (1986b) , (17) Nielbock et al. (2001) , (18) Codella et al. (1997 ), (19) MacLeod et al. (1998 , (20) Hughes & MacLeod (1993) , (21) Kim & Koo (2001) , (22) Kurtz et al. (1994) , (23) Cesaroni et al. (1998) , (24) Hatchell et al. (2000), (25) this paper. for the source G0.55−0.85. However, a MIR source well above these limits is clearly seen in the images. We notice that the region in question shows many sources close together, as well as extended emission. So we consider confusion as a likely cause for such errors in the MSX PSC. To calculate the fluxes of each source in the four MSX bands, we integrated the emission in the image over the source, and then removed a sky value, determined from an appropriately chosen nearby part of the image. The SEDs of those SCUBA sources associated with an IRAS and/or MSX source are shown in Fig. 2 . To avoid contamination of IRAS fluxes, we did not include IRAS points in our SEDs when another SCUBA source was seen within one arcminute of the IRAS position. It has been established (Walsh et al. 1999 ) that a simple polynomial fit to the SED of an embedded massive star can be reliably used to estimate the bolometric luminosity of the star to within an order of magnitude, even though such a fit does not accurately match the detailed features of the spectrum, such as silicate absorption features or dust emissivity. This is because the SED is dominated by the emission from dust around the star which re-radiates most of the energy as an approximate blackbody, peaking around 100 µm. Thus, we have fitted 5th order polynomials to each source shown in Fig. 2 .
We have integrated under the curve to derive the bolometric luminosity, which is listed in Table 3 . G0.50+0.19 is omitted from the table as its distance is unknown, and thus its luminosities could not be determined. The distances to the remaining sources are adopted either from Table 2 or derived from the kinematic distances using the Galactic rotation curve of Brand & Blitz (1993) , which assume R 0 = 8.5 kpc and Θ 0 = 220 km s −1 . We note that all sources in Table 3 have high bolometric luminosities (L ≥ 0.58 × 10 4 L ), consistent with single stars of spectral type B3 or earlier. Since over half of the sources in Table 3 are associated with methanol maser sites and given that they all have such high luminosities, we confirm the results of Walsh et al. (2001) that many maser sources are associated with very young high-mass stars.
Conclusions
Our survey of the 450/850 µm emission from dust in the fields of 73 methanol masers in the declination range 0 > δ > −20 has included within these fields a total of 84 methanol maser sites and 30 radio continuum sources and yielded the following results:
1. Most methanol maser sites (81 out of 84) are within 10 of a sub-mm peak. All except one of the maser sites coincide with sub-mm continuum emission from dust, confirming that the methanol maser emission arises from deeply embedded objects. The one exception is G10.10+0.73, where the maser lies 90 away from a compact sub-mm and radio continuum source coincident with the bipolar planetary nebula NGC 6537. Since no emission was detected at 450 µm from NGC 6537, it is possible that the sub-mm emission detected is free-free emission from ionised gas rather than continuum radiation from dust. It may be significant that this field contains the only planetary nebula and the only maser site with no associated sub-mm emission in our sample. A subsequent one-hour integration at the maser position, with a 1σ noise level of 8 mJy beam −1 at 850 µm, failed to reveal any sub-mm flux. In this case it is not clear whether the association between the maser site and the planetary nebula is coincidental. This may be a unique example where methanol maser emission is not associated with massive star formation. 2. Many of the fields mapped show dust emission from complex structures, with extended emission coincident with the maser linked to other clumps and spurs. There are several examples of separate, isolated clumps apparently unconnected with the central core with no associated methanol maser source. These "maserless cores" are most interesting since the absence of maser emission may indicate a lower methanol abundance and/or lower excitation, suggesting that they may harbour condensed objects at an earlier evolutionary stage than their masing counterparts. Further investigation of their nature should be undertaken.
3. The SEDs for those sources for which distance measurements are available yield bolometric luminosities in excess of 10 3 L . This confirms the results of Walsh et al. (2001) that methanol maser sources are good indicators of highmass star formation.
